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64 - PRACTICAL METHODS IN MICRUSCOPY.

can be obtained. Then, in like manner, move the dia-
phragm in the opposite direction. If there is no diaphragm,
obtain oblique light by means of the mirrar by moving it
away from the light a few degrees at a time in the same
manner a8 when using the low power objectives.

It cannot be stated too emphatically that a large amount
of this practice manipulation should precede any attempts
to make practical use of immersion objectives. The ability
to bring out the full power of these objectives can be
attained only by patient perseverance and the intelligent
study of the effgcts produced by manipulation. It hardly
seems necessary to waste time in describing the results
which should be obtained. The observer will have very
little doubt about his success when he obtains clear-cut
images, and he should not be satisfied until he does this.







































































































































120 PRACTICAL METHODS IN MICROSCOPY.

3
8

. Place in 35 per cent alcohol with the celloidin on the sections
. Stain in dilute Grenacher's Borax-Carmine.

c. Place in 85 per cent alcohol to which a few drops of hydro
chloric acid have been added.

d. Place in 82 per cent alcohol.

8. Fix sections on slip with ether vapor or a small drop of ether applied
to the sections, if the celloidin was allowed to remain on them.
9. a. Place in 95 per cent alcohol for not more than 30 seconds.

b. Place on a glass slip and flood with carbolic acid dissolved in
turpentine, or with chloroform, to clear the section. Apply
the clearing agent until the celloidin is perfectly transparent.

¢. Working quickly, drop on benzole or chloroform balsam, and

cover with a cover-glass.

o>

The alcohol of commerce is often much below 95 per
cent in strength. It may be necessary to use the so-called
absolute alcohol for dehydrating if chloroform is used for
clearing. Care must be taken not to allow the sections
to remain in the alcohol long enough for the cclloidin to
dissolve.

In place of number 7 hematoxylin or one of the other
carmine solutions may be substituted, remembering the
precautions as to treatment before and after staining. To
secure success with the celloidin method, the dehydration
must be rapidly accomplished. The essential oils, such as
oil of cloves, oil of cedar, ete., either dissolve the celloidin
or cause the section to shrivel, and should not be used
by preference, although it is true that they are so used by
some workers.

Delicate Plant Tissues. — The methods already outlined
are amply sufficient for the coarser plant structures and
for work in which the preservation of cell-contents and
the prevention of shrinkage in the tissues are not of great
importance. When, however, one is dealing with delicate

plant tissues, such, for instance, as root tips, terminal










































138 PRACTICAL METHODS IN MICROSCOPY.

6. Place in clear paraffin on the water-bath at the same temperature
for several hours.

Imbed in paraffin.

Cut sections dry.

Fix on glass slip with collodion fixative.

10. Place the glass slip in the oven of the water-bath, temperature
about 130° F., until the clove oil is evaporated from the fixative.

11. Remove paraffin with turpentine.

12. Mount in Canada balsam. Or remove the turpentine with alco-
hol, place in water, then in glycerine, and mount in glycerine or
glycerine-jelly.

© x N

In place of number 2 may be substituted Grenacher’s
h@matoxylin or any of the carmine stains, observing the
’ precautions as to treatment before and after staining.

Order of Procedure with Animal Tissues to be cut in Paraffin and stained
after they are cut.

1. Harden in alcohol of gradually increasing strength.
2. Clear by soaking in chloroform or turpentine 24 hours.
3. Place for 24 hours in chloroform or turpentine containing all the
paraffin that will dissolve.
4. Place for several hours in melted paraffin on the water-bath, tem-
perature about 130° F.
5. Imbed in paraffin.
6. Cut sections dry.
7. Fix sections on glass slip with albumen or collodion fixative.
8. Place slip in the oven of the water-bath, temperature about
130° F., to evaporate the clove oil from the fixative.
9. Immerse the glass slip bearing the section in a bottle of turpen-
tine for 15 or 20 minutes.
10. Remove the turpentine from the section by immersing the slip in
two different bottles of 95 per cent alcohol.
11. a. Cover the specimen with 70 per cent alcohol.
5. Immerse the slip in a bottle of Kleinenberg’s hematoxylin,
or put a drop of the stain on the specimen, letting it remain
until the section is sufficiently colored.
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5. Tmbed in celloidin.

6. Immerse in 82 per cent alcohol for 24 to 48 hours.

7. Cut sections, keeping the knife and specimen wet with 50 to 70
per cent alcohol. Keep the knife oblique.

8. Stain in hzmatoxylin or carmine.

9. Place in 95 per cent alcohol not more than 30 seconds.

10. Place on the centre of a glass slip, and fix in position by placing
on the section just enough of a thin solution of bleached shellac
in alcohol to cover it.

11. Place in the oven of a water-bath, temperature about 130° F., to
evaporate the alcohol.

12, Clear in chloroform and mount in Canada balsam.

Freezing Processes. — The freezing processes of section
cutting afford means of obtaining sections in abundance
at the expense of very little labor and time. For sim-
plicity of operation and for the quickness of the processes,
the freezing microtomes have much to commend them.
It is not possible, however, to secure very perfect sections
of the more delicate tissues by these processes, on account
of the distorting effects of the freezing and thawing. The
processes are best adapted to cutting sections of fresh
tissues, both animal and vegetable, for class use, when
the utmost delicacy is not important. They are almost
indispensable in laboratories where sections for study
must be furnished to large classes. These processes are
also well adapted for use by physicians who desire to
make rapid examinations of fresh tissues. The freezing
may be accomplished by means of a spray of ether or
rhigolene, or by means of carbonic acid gas. For the
use of ether or rhigolene an apparatus similar to that
shown in Fig. 4+ may be employed in connection with
the microtome shown in Fig. 27, though it may be
adapted 1o almost any form of microtome. The micro-

fome known as the Catheart freezing microtome s much










































160 PEACTICAL METHODS IN MICROSCOPY.

petaology, but w state simple methods for the preparation
of thin sections of rocks for microscopical study, with a
few hints ut the methods of studying these sections.
Spocinlists huve devised special apparatus for the prepa-
rution and exumination of rock sections, which is quite
vut of the rench of most private workers on account of
the expense involved. A great deal may be done with
the usuwl wicroscopical outfit. Many sections of rocks
vield very interesting results when examined by ordinary
light ; for the examination of most rocks polarized light is,
hewever, esseutial. A revolving stage gives an additional
wente for their study. A plate of sclenile or mica gives
a wolored Tield which, in wany cases is 2 help in bringing
A ThL outfit of
3 JanTe amount

wut the clhametenstic features of md
APt s a2l that is reallv e r\v.:\'
oF Wk it il lnterest

F'< 28 &8
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sl Y Rl Il
PSRRI TR AR TN X3
fac sgrepassel B Wi b mmtiel Wheels
Wigg. e We YL, daveves W MUich eXperse fO& most private
Wiy,

Very swmpie means swHee for much inveresting and
sstractive work in grinling roex sectiens. ALl that is
zsadiod ws i smuoth prece of iron —an oid stove cover or a
anezece: ol stnoolhy stneet iron will do — some coarse emery,
s Mo T2 or woen courser for omany rocks some four
ol cmery. it of virdow sl and <eme Canada balsam.

fror s specunen Lo ;)O:gill witil, ,"!':l,ili'u‘ s ;"L'\‘l. Select
acgrale that o femoand sound. Wit a hanmer chip
ol o preee aboat il an ineh square and as thin as pos-
whic.  Place o littie of the coarse cmery o the ‘ron plate,
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wise for a moment until the sand runs down to one side.
Place the slide in position on the stage with the sand
uppermost. As the sand now rolls slowly down (it
appears, of “course, to roll up hill), a most magnificent
display of color changes is seen as the different posi-
tions of the grains of sand bring different thicknesses of
the quartz between the Nicols. The specimen is very
showy.

















































































196 PRACTICAL METHODS IN MICROSCOPY.

test-tubes of milk, bouillon, and potato, both at the ordi-
nary temperature and at different elevated temperatures ;
plate cultures are made with the different media; cultures
are made to determine whether the bacteria are aérobic or
anaérobic ; and hanging-drop cultures are started.

Observation is made as to whether the bacteria thrive in
the different media. The growth is usually easily seen
with the naked eye. The colonies are distinguished ‘by
the changed appearance of the culture medium, a white,
gray, translucent, pearly, or colored spot indicating each
growth. Many bacteria in growing liquefy the gelatine |
medium. The extent to which they do this, and the
manner in which they do it, whether in narrow lines
extending straight downwards or in diffusely spreading
masses, are carefully observed. At any stage of the prog-
ress, cover-glass preparations may be made and studied
under the microscope. In careful investigations several
sets of cultures are made, and the preparations of the same
kind are compared with one another to guard against error
arising from accidental contamination from the air.

A record of the results should give the source whence
the bacteria were taken; the shape and size as observed
and measured in cover-glass preparations; the motility as
observed in hanging-drop cultures; the temperatures at
which the various test-tube and plate cultures thrive best;
a description of the appearance of the colonies on the
plate cultures; the effect in liquefying the gelatine
medium, both the alkaline and the acid; the effect on
milk, whether it is coagulated or not, how long it takes to
coagulate it, whether the milk is changed in color, and
whether it has an acid or an alkaline reaction at the close
of the investigation; the effect on bouillon, whether it
changes in color or becomes turbid, the character of the
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precipitate, if one is formed, whether a skin is formed on
the surface; whether the organism can grow without
oxygen or not, as observed under the film of mica.

The results of these observations are now to be com-
pared with the observations recorded by other workers, so
far as their results can be obtained. It is to be remem-
bered that bacteriology is in its very infancy, and that it
is not yet possible to obtain perfectly reliable descriptions
of results for a very large number of bacteria. The descrip-
tions given by different workers often differ in important
particulars, even those of the very highest authorities.
Bacteriology has, however, made sufficient progress to be
firmly established as a science. The newness and unde-
veloped condition of the science make it a peculiarly
attractive field for work, but the field is so vast that it

“hardly seems proper to give in a book of this character
more than these general descriptions of the methods em-
ployed.

































208 PRACTICAL METHODS IN MICROSCOPY.

is so held by the other part of the frame that it will fall
back into exactly the same register after the examination.
It would not do, of course, to change the position of the
paper on the negative. This examination should be made
in subdued light. The print should be made somewhat
darker than the photograph is desired to be, as it will fade
somewhat in the subsequent processes. The print, on
being taken from the frame,is placed in a closed box to .
protect it from the light. When a number of prints have
been made, they are ready for toning.

Toning. — The prints are washed in four changes of
water, remaining in each about ten minutes. The third
washing water should have about an ounce of sodium car-
bonate thoroughly dissolved in each twenty ounces of
water. The prints should be placed in each water face
down, one at a time, that they may not cling together.

Two solutions are needed : First, fifteen grains of chloride
of gold are dissolved in fifteen ounces of water. Each
ounce contains one grain of the chloride of gold, which is
sufficient to tone about fifteen three by four inch prints.
Second, one ounce of sodium acetate is dissolved in twenty
ounces of water.

The toning bath should be prepared at least twelve
hours before it is to be used, and is made by adding one
ounce of the chloride of gold solution and one ounce of
the sodium acetate solution to eight ounces of water.
The temperature of the bath when used should be from
75 to 80° TF.

Transfer the prints, one by one, face down, from the
fourth washing water to the toning solution. Keep them
in motion, and he sure that they are not sticking together,
or they will tone unevenly.  The prints should be exam-
ined from time to time by transmitted light. When the












NOTE.

— Qe

Tue reproductions of photo-micrographs shown in the following
plates were made by the half-tone process, a process that gives a
decided dark tint to the white portions of a photograph. A good
photo-micrograph should show the structure of the object clearly,
and at the same time have an undarkened background. The photo-
micrographs that are reproduced here have clear and brilliant whites;
the dark background of the reproductions is due to the process used.

These photo-micrographs are introduced to give those who are
not familiar with the work some idea of the results that may be
obtained in low-power photo-micrography. Descriptions of the plates
will be found in the List of lllustrations, pages xv—xvi.



APPENDIX.

1. Grenacher’s Borax Carmine.

‘Water e s+ o o s o s o o « 50 cec
Borax . . ¢« ¢« ¢« ¢« ¢« ¢« ¢ « 2 grammes
Carmine. . « « « « o o « 1tol}grammes

Heat until the carmine dissolves. Add an equal volume of 70 per
cent alcohol, and let it stand 24 hours. Filter.

Objects should be soaked in 35 per cent alcohol before staining and
washed in same after staining. Excess of stain is removed by acid
alcohol (alcohol, 35 per cent, 100 c.c.; hydrochloric acid, 4 or 5 drops).
This is a good fluid for staining objects in mass.

2. Baumgarten’s Borax Picro-Carmine.

This is prepared by adding picric acid crystals slowly to Grenacher’s
Borax Carmine until it takes on a bright blood-red color. Objects
are soaked in 35 per cent alcohol before staining, and excess of stain
is washed out in same.

3. Grenacher’s Alum Carmine.

Water . . . . . .. ... B0cec
Alum (ammonia or potash) . . 1 to 3 grammes
Carmine. . . . . . . . . 4 gramme

Boil 15 to 20 minutes, cool, and filter. Add a drop or two of car-
bolic acid to preserve it.

Objects should be soaked in water before staining, and washed in
same after staining. Excess of stain is removed by waker.

229









232 PRACTICAL METHODS IN MICROSCOPY.

9. Mayer’s Cochineal Tincture.

Alcohol, 70 percent . . . . . . 10c.c.
Powdered cochineal . . . . . . 1gramme

Mix, let it stand some days, and filter. If the action is too intense,
dilute with 70 per cent alcohol.

Objects should be soaked in 70 per cent alcohol before staining, and
washed in same after staining.

10. Kleinenberg's Haematoxylin.

a. To a saturated solution of calcium chloride in 70 per cent
alcohol add an excess of pure alum, and let it stand 24 hours; filter,
and add 8 volumes of 70 per cent alcohol. If necessary, filter again.

b. Dissolve crystallized hamatoxylin in absolute alcohol to satura-
tion. Add this to the first solution until the right intensity of color
is obtained. The fluid thus obtained may be diluted at any time by
further addition of the first solution. Object should be soaked in 70
per cent alcohol before staining, and washed in same after staining.
Object must contain no acid, or the color will fade.

Excess of stain is removed with acidulated alcohol (70 per cent
alcohol, 100 c.c.; hydrochloric acid, } c.c.). Wash thoroughly again
in 70 per cent alcohol to remove acid.

An old solution is better than a fresh one.

11. Grenacher’s Haematoxylin.

Mix 4 c.c. of a saturated solution of hematoxylin crystals in abso-
lute aleohol with 150 c.c. of a saturated solution of ammonia alum in
, water, and let the mixture stand exposed to the light for a week.
Filter, and add 25 c.c. of glycerine and 25 c.c. of methyl alcohol
(wood spirit).  An old solution is better than a fresh one.
Object should be placed in water before and after staining.

12. Bohmer's Heematoxylin.

a. Dissolve .35 gramme of hamatoxylin in 10 c.c. absolute aleohol.
0. Dissolve 2 grammes of alumn in 100 c.c. of water.
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section on this, undpn.xtﬂatmthsphooddbdm,ﬂn
the slide in the water-bath until the oil of cloves has evaporated. E'
these details have been properly attended to, the section will be firmly
fastened to the slide. The slide may be passed through suoccemsive
solutions, and the section will not be loosened. If too much of the
fixative is used, there will be a slight tendency to cloudiness. Tb
fixative does not take borax-carmine stain, but does take )
to & small extent. This fixative is more highly recommended for

objects that have been stained in the mass than for those to be stained
on the slide.

23. Mayer's Albumen Fixzative.

W'hiteofegg.'. e ¢ o0 o o o BDc.C
Glycerine « s s o o o o e o o BOco.
Sodium salicylate « ¢« ¢« « ¢+ ¢« ¢« 1gramme

This fixative is highly recommended for fixing sections to be
stained on the slide, and especially for those to be stained in the.
anilines. A little of the fixative is applied to the slide with a brush,
the section is placed in position, and the slide is placed in a water
bath until the paraffin melts. Remove the paraffin with turpentine,
wash in alcohol thoroughly to remove the last traces of glyoerine.
These operations are best done by immersing the slide bearing the
section in vessels of turpentine and alcohol, giving time enough for
thorough action. Then clear and mount in balsam,

24. Gelatine Fixative. \

Dissolve 5 grammes of gelatine in 80 c.c. of 50 per cent acetic acid.
Then add 5 c.c. of 95 per cent alcohol and 1 c.c. of glycerine.

This solution is used to fix diatoms, scales of insects, and other
similar objects to the cover-glass or glass slip. Apply the fixative
with a brush and let it dry. After the objects are arranged, breathe
carefully on it. The moisture of the breath dissolves the gelatine
sufficiently to allow the objects to be stuck to it after it has again

hardened.
25. Transparent Cements.

The cement used in closing mounts should in every case be trans-
parent. When the mount has been securely closed, and the trans
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flow in slowly. As soon as the object settles into the clearing agent,
pour off the mixed fluids and pour in a fresh portion of the clearing
agent. A great many different substances may be used. A few of
those that are most generally useful are enumerated :

a. Oil of cedar. This is the best clearing agent for sections stained
in aniline colors. It may follow 95 per cent alcohol, and it does not
cause shrinkage of the objects. It is an excellent medium in passing
from alcohol to melted paraffin and also in passing from alcohol to
chloroform balsam. Prolonged treatment with this oil clears celloidin
sections, but it is not recommended for this purpose.

b. Oil of origanum. This extracts aniline colors to some extent.
It clears objects taken directly from 95 per cent alcohol. It is a good
clearing agent for celloidin sections, but care must be taken to use
the pure oil.

c. Oil of cloves. This is not reliable for objects stained in anilines.
Neither is it to be recommended for use in passing from alcohol to
paraffin, as it tends to make objects brittle ; it also mixes ;rery slowly
with the paraffin. If it is used to free from alcohol, it is better to
follow it with turpentine, before placing the object in paraffin. It is
not to be used for celloidin sections, as it dissolves the celloidin. It
quickly clears objects that have been treated with 95 per cent alcohol,
and is a valuable clearing agent except for the classes of objects
already mentioned.

d. Oil of turpentine. This clears objects taken direct from 95 per
cent alcohol with a fair degree of rapidity. It has a tendency to
shrink the objects, and also to render them brittle. In passing from
alcohol to turpentine it is well to use first a mixture of two-thirds
alcohol and one-third turpentine, then a mixture of one-third alcohol
and two-thirds turpentine, finally pure turpentine.

¢. Chloroform. This clears objects taken from 95 per cent alcohol.
It dissolves paraflin very readily. It is therefore a good agent in
passing from alcohol to paraffin. A little sulphuric ether mixed with
the chloroform improves it for this use. Care must be taken to keep
the objects in melted paraflin on the water-bath until all of the chloro-
form has been expelled.  If this is not done, bubbles will form in the
paraflin cast as it cools, rendering it unfit for use. Chloroform is an
excellent elearing agent, for sections cut in celloidin. It is important
that the seetions be well dehydrated hefore the chloroform is applied.
Alcohol of 95 per cent strength will dehydrate sufficiently, but it is to
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be remembered that the alcohol of commerce is frequently below this
strength. Resort must sometimes be had to what is known as abso-
lute alcohol. Care must be exercised not to allow the sections to
remain too long in the alcohol, or the celloidin will be dissolved. The
chloroform is to be applied repeatedly until the celloidin becomes
perfectly transparent. Chloroform balsam is then quickly applied,
and the cover-glass is put in position. Chloroform may be used to
clear sections cut in paraffin or in pith, but it is not especially recom-
mended for these classes of objects. Use only the best chloroform.

/. Carbolic acid. This agent clears instantly. It may be used
even when the object has been very imperfectly dehydrated, for it has
the power to drive out a considerable amount of water. It is there-
fore a good clearing agent for celloidin sections. A considerable
amount of shrinkage of the object is, however, liable to result. For
use, the carbolic acid crystals may be dissolved in alcohol or oil of
turpentine. A concentrated solution should be made in either case.
The solution in turpentine is especially good.

g. Creosote. Beechwood creosote is an excellent clearing agent,
especially for sections cut in celloidin.

k. Benzin, benzole, naphtha, toluol, and xylol may be mentioned
as other good clearing agents. The dehydration must be very perfect
before these fluids are applied. It is generally best to dehydrate in
absolute alcohol, though with care 95 per cent alcohol will serve.

33. Mounting Media.

a. Canada balsam, pure or dissolved in benzole, xylol, or chloro-
form. It is best purchased ready prepared.
b. Glycerine.
c. Glycerine-jelly. It is best purchased ready prepared. One for-
mula is:
Best gelatine . « « . . . . . . . 1lpart
Water . . . . ... ... . . 8parts
Glycerine . . . . . . . . . . . 4parts

Soak the gelatine in the water until it is soft. Add the glycerine,
and heat over u water-bath. Then add two or three drops of carbolic
acid as a preservative.

d. Gum arabic dissolved in water. Use for vegetable sections.
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e. Gum arabic dissolved in a saturated aqueous solution of potas
sium acetate to the consistency of a thick syrup.* (This is Hoyer’s
Medium for vegetable sections stained in aniline dyes.)

/- Gum arabic dissolved in a 10 per cent solution of chloral hydrate
in water, and one-tenth the volume of glycerine added. (This is
Hoyer's Medium for vegetable objects stained in carmine solutions.)

g- Gum arabic dissolved in turpentine, or in equal parts of turpen-
tine and benzole. This is a substitute for Canada balsam, but is much
inferior to it.

h. Farrant’s Medium for either animal or vegetable objects:

Gum arabic. . .« « . « . ¢« « . 2grammes
Water. . . . . ¢ ¢ ¢ ¢« ¢« « « 4cec.
Glycerine . . « « ¢« ¢« « « « . 2c.c.

Dissolve the gumn arabic in the water and add the glycerine. Stir,
but do not shake, to effect solution. Strain through cloth, if necessary.

i. Media for alg® and other green plants. No media are known
that will perfectly preserve all delicate green plants in their natural
color and without shrinkage. Some media work well with some
plants but are useless with others. The following solutions are recom-
mended :

1. Camphor water. This issimply a saturated solution of camphor
in distilled water.
2. Kirchner’s fluid. This is made by dissolving chrome alum in
dilute glycerine until a clear blue solution is obtained.
3. Carbolic acid. 1 per cent solution in water.
4. Chloral hydrate. 5 per cent solution in water.
5. Petit’s fluid :
Water saturated with camphor . . 50. c.c.
Water. . . . e« o o« . B0. cec.
Acetic acid (g.,laclal) e . .5 gramme
Chloride of copper (cry at.xlluul) . .2 gramme
Nitrate of copper . o o . o . . .2 grammme

6. Goadby's fluid:
Commonsalt . « . . . . . . 120. grammes
Alum. . . « e« o o« . 060, grammes

Corrosive subhnutt, coe e .25 gramme
Water ..........HO c.C.
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7. Pacini’s fluid :

Water . . . . . . . . . . 1000c.c.
Commonsalt. . . . . . . . 10 grammes
Corrosive sublimate . . . . . 5 grammes

8. A saturated solution of potassium acetate in water.
9. King’s fluid for marine alge :

Corrosive sublimate . « « .+ 258 gramme
Alum . . . . . . . « « . 622 grammes
Sea-water . . .+ . ¢ o o o 2270. c.c.

34. Solutions for. Cleaning Glass Slips and Cover-Glasses.

a. Borax dissolved in water.
b. Washing soda (sodium carbonate, Na,CO;) dissolved in water.
c. Caustic potash (potassium hydroxide, KOH) dissolved in water.
d. Potassium dichromate, K,Cr,0, . . 10 grammes

Water . . ¢ . .+« . . . .« . 80cec

Sulphuric acid, H,SO, . . . . . 50c.c.

35. Acids.

Sulphuric acid, H,SO,, hydrochloric acid, HCl, and nitric acid,
HNO,, should be used in full strength when the acid is simply men-
tioned. Special strengths of these acids have been mentioned for
particular purposes. For-ordinary use, the common commercial acids
are sufficiently pure. If, however, the acids are purchased especially
for microscopical work, the chemically pure acids should be obtained.

36. Alcohol of Percentage Strength.

In these pages, alcohol of a particular percentage strength has been
required for many purposes. It is not always convenient to stop and
compute the strength; the following table is therefore added. The
strength of ordinary commercial alcohol is assumed to be 95 per cent.
It should be this, but often falls short of it. The table is computed
not for mathematical accuracy, but for practical ufility. It is suffi-
ciently accurate for all the purposes described in this book. A few
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ounces of ‘calcium oxide (unslaked lime), calcium chloride, or copper
sulphate to the gallon will dehydrate ordinary alcohol and render it
practically absolute.

Use
To Maxs
95 9% AvLoomOL. ‘WATER.
06 9, alcohol 100 parts 0 parts
00 (% 3 05 ¢ b ¢
86y, “ 8o « 11«
82 % 13 86 ¢ 14 ¢
80 % 13 84 ¢ 16 «¢¢
Y 79 21 ¢
09 T4 0w 26 «
6hYy, ¢ 68 ¢ 32 «
6oy, o 63 « 37 «
60 % 113 68 (13 47 13
409, 42 B8 ¢
35 0o [N 37 13 63 [13
30 (yu 113 82 13 68 [13

37. Iodine Solutions. (Test for Starch.)

a. Todine dissolved in water. The solution takes place very slowly.
b. lodine dissolved in alcohol.
¢. Todine dissolved in a water solution of potassium iodide, KT.

38. Chlorzinc Iodine. (Schultze’s Solution. Test for Cellulose.)

Dissolve in hydrochloric acid all the metallic zinc that will dissolve,
and evaporate to the consistency of a thick syrup. Add to this solu-
tion all the potassium iodide, KI, that will dissolve. Then add all the
iodine that will dissolve. Filter through glass wool.

39. Ammoniacal Cupric Oxide. (Test for Cellulose.)

Dissolve in water all the copper sulphate, CuSO,, that will dissolve.
Add to this solution caustic soda, NaOIl, or caustic potash, KOH, as
long as » » is formed. Filter, and wa.sh the precipitate in
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No. 2.
Water. . . ¢« ¢ ¢« ¢« ¢ « + . . 320unces
Iron sulphate . . . « « « . . . 4 ounces
Sulphuricacid. . « . « « « « « 16 drops

Water. . . . . ¢ ¢ ¢ ¢« ¢« o o« 9parts
Potassium bromide . . . . . . . 1part

Mix for use two ounces of No. 1. one ounce of No. 2. one-haif ounce
of water. and three to six drops of No.3. This developer may be used
for lantern slides and for bromide prints. Temperature 68< to 70 F.

~. Fixing solution. For pegatives, use one quart of water and
one-hali pound of sodium hyposulphite. One-fourth ounce of alum
may I added to this to harden the filin, if desired. The addition of
the alum gives rise to a precipitate.  Allow this to settle and decant
the clear solution for use.  The alum may be omitted from the fixing
solution. and a separate solution of alum may be used to harden the
film aft-r it has been fixed. or the use of alum may be entirely omitted.
In mest cases. except in very warm weather, the film hardens suff-
ciently without the treatment with alum.

Us- for fixiug silver prints cue ounce of sodium hyposulphite
dissodveed i oue quart of water.  The prints remain in this solution
fift~¢n minutes. and are then washed for at least one hour in running
water. It is of the highest importance that the washing be done
thorouzhly, or the priuts will turn yellow and fade.

d. Toning solutiou for silver prints.

No. L.

Gold chloride « « . « « « « . 15 grains
Water . ¢« ¢ ¢ ¢« o« « « « o « 13 fluid ounces

. « 1ounce
. . 20 ounces

iwelve hours before it is
: « of No. 2, and eight
-1t rabwat fifteen threebiv-
2 totonaed add another ounce
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of each of the solutions No. 1 and No. 2. This toning bath will keep
for some time, but is likely to spoil if kept too warm. Too great econ-
omy should not be exercised in keeping it. Transfer the prints to
clean water.

41. Mucilage for Labels.

Dissolve 100 grammes of gum arabic in 250 c.c. of water and add
2 grammes of crystallized aluminium sulphate dissolved in 20 c.c. of
water.
42. Warm Stage.

A simple but effective warm stage may be made from a strip of
sheet metal six or eight inches long and three inches wide with a hole
an inch in diameter at such a distance from one end as to coincide
with the opening in the stage when the strip is placed on the stage,
the free end projecting in front. The strip is held in position by
the spring clips. The object to be examined is mounted in the
usual way on a glass slip, and this is placed on the strip of metal.
The free end of the strip is warmed by a Bunsen burner or an alcohol
lamp. A piece of paraffin, whose melting-point is known, may be
placed on the strip near the opening to serve as an indicator to
prevent overheating the specimen under examination.

43. Thermometer Readings.

§ (degrees Fahrenheit —82°) = degrees Centigrade.
$ (degrees Centigrade+32°) = degrees Fahrenheit.

44. Metric-English Equivalents.

15.4 grains
28.3 grammes
3l.1 grammes
29.25 c.c.

16  fluid ounces

1 gramme

1 ounce avoirdupois
1 ounce Troy

1 fluid ounce

1 pint

mn

45. The Micron.

The unit for microscopical measurements is the micron, represented
by the Greek letter u. It is sometimes called the mjcro-millimetre.

1 5=.001 millimeter =.000039 inch.
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n diameters for a tube length of 160 mm.

261

OBsnoTIVES. 2 in. #in. #in. #1n. & in.
2 In. (A) 18 37 196 267 422
¥ (B) 26 62 285 400 626

fn, (C) 37 74 392 534 - 844

D) 52 104 570 800 1252
. (E) 74 148 784 1068 1688

b. TER Gu~NpracH OpricaL Co., Rocuesrer, N. Y.

nfflinmeters for tube length of 10 in. = distance from the upper
aoe of the eye-lens of the eye-piece to the lower surface of the front

of the objective.

womves. | 210, | 1tn. | 3in. | §in. |30 Fin. | 3o | Ain |ptn
1}in. | 80.6 | 69 |[107.3|145.6| 209 | 372.3 | 605.6| 912.3 | 1219
lin |44 99 |164. (209 | 429 539 869 (1309 | 1749
§ In. | 57.3 | 120 [200.6 | 272.3 | 559 | 702.3 |1132.3(1705.6 | 2279

¢. QUEeN & Co., Puira.

lt,d'ilmeters for a tube length of 10 in. = distance from the back
{ focus of the objective to the front principal focus of the

g.

‘v-. gtn. | 1in. | gin | gin 3in. gin. | g |frin

i. X 26 50 66 200 260 400 500 600

X | 87 | 75 | 100 | 300 | 875 | 600 | 750 | 900
7% 150 200 600 750 1200 1500 | 1800
100 200 206 800 1000 1600 2000 | 2400
160 300 400 1200 1600 2400 | 3000 | 3600
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46. Tube Lengths and Thickness of Cover-Glasses.

It is unfortunate for users of microscopes that the different makers
have adopted quite different lengths of tubes and different thicknesses
of cover-glasses. The objectives of each maker are corrected for the
particular length of tube and the particular thickness of cover-glass
he has chosen, and will work with the highest efficiency only with that
length of tube and that thickness of cover. The beginner needs to be
cautioned to see that the objectives he buys are corrected for the tube
length of his microscope. The following table may be of use :

MAKER. TuBE-LENGTH. Tmcxxassug; Covee:
Bausch & Lomb Optical Co. 160 and 216 mm. .16 mm,
Gundlach Optical Co. 264 ¢ 16«
Queen & Co. 160, 180, and 264 *¢ .16«
Leitz, Wetzlar. : 125, 160, and 180 ¢¢ A7 e
Zeiss, Jena. 160 ¢ 250 ¢ [15,.16,and .20 mm.
Reichert, Vienna. 160 ¢ 180 ¢ .15 and .18 ¢«
Nachet, Paris. 146 ¢ 200 ¢ J10 ¢ 125 ¢«
Beck, London. 264 ¢ 16 ¢
Powell & Lealand, London. 264 ¢ 26 ¢

47. Magnifying Powers of the Combinations of Different
Makers.

a. Tue Bauscu & Loms Orricar Co., RocnesTER, N. Y.

In diameters for a tube length, of 8.5 in. = 216 mm. = actual length
of the tube when the eye-piece and objective are both removed.

OBJECTIVES, ‘ 2in. | 1in. | gin. | 4in.

| 1in. | #in. 3in. 3 in. o5 in.

(2 in. (A)' 25| 40| 50 70! 176 | 210 | 265 | 360 | 570

& []{,in. (BY 35| 55| 70 1102 | 247 | 205 | 385 | 540 | 845

E11 i (C) 50 | 80 100 | 140 | 353 | 420 | 530 | 720 | 1140

E §in. (D) 70 110 140 1205 | 495 © 590 | 770 | 1080 | 1690
|

b i (1) 100 1160 200 | 280

705 ‘ 840 |-1060 | 1440 | 2280
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In diameters for a tube length of 160 mm.

251

OBJECTIVES, 21in. $in. $in. #in. o in,
(2 in. (A) 18 37 196 267 422
2 [15» in. (B) 26 62 285 400 626
£{1 in (0) 37 74 392 534 844
£ 1% in. (D) 52 104 570 800 1252
A b in. (E) 74 148 784 1068 1688

b. Tae Guxpracu OpricaL Co., ROCHESTER, N. Y.

In diameters for tube length of 10 in. = distance from the upper
surface of the eye-lens of the eye-piece to the lower surface of the front
lens of the objective.

OBJECTIVES. | 2in. 1in. #in. 4in, | }in.| ¢in, #in. % in. | &in.
é 14 in. 30.6 | 69 |107.3|145.6 | 299 | 372.3 | 605.6| 912.3| 1219
E 1 in. | 44 99 | 1564. | 209 429 | 639 869 (1309 | 1749
E 2 in. 57.3 | 129 | 200.6 | 272.3 | 559 | 702.3 |1132.3|1706.6 | 2279

¢. QuEeN & Co., Puira.

In diameters for a tube length of 10 in. = distance from the back
principal focus of the opjective to the front principal focus of the

eye-piece.

‘ORJECTIVES. | 2in. 1in. 21in. }in. ¢ in, #in. Yo in. lf’ligl
. I 25 50 66 200 250 400 500 | 600
g I 37 75 | 100 300 375 600 | 750 | 900

g4 1I 75 } 150 | 200 600 750 | 1200 | 1500 | 1800
g IV | 100 | 200 | 266 800 | 1000 | 1600 | 2000 | 2400

Bl v | 150 | 300 | 400 | 1200 | 1500 | 2400 | 3000 | 3600
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d. Ernst LEITZ, WETZLAR, GERMANY,

In diameters for a tube length of 160 mm. = distance from the
upper surface of the lower lens of the eye-piece to the upper surface
of the upper lens of the objective.

Omsneriven| {00 N S | 38 ma, | 2.3 mem ‘f.:::;i.!::'i oo

0 13 45 145 250 410 400 500
é 1 16 67 175 330 520 510 650
£ 11 20 (i1} 220 410 630 600 800
b 11 23 80 260 480 730 700 1000
Wl IV 28 100 320 600 920 850 1160

\' 40 140 470 800 | 1280 1200 1550

"
i
l

e. CarL Zriss, JENA, GERMANY.

Tn diameters for a tube length of 160 mm. = actual length of tube
when the eye-pieces and objectives are both removed.

Zeisg’ objectives, of a given focal length but of different numerical
apertures, give the same magnification.

OBIKCTIVES, |al = Iiln.I A=3in. [B=}in. | C=%in. | D=}1n. F-l:)g'ln. ; ;:1
[ 1 7 37 60 105 175 415 885
gl 2 10 50 85 146 240 585 530
R 16 70 115 200 325 790 730
B 4 20 90 145 265 420 | 1000 925
al B — 115 185 325 540 | 1275 | 1180

J. Carr Reicnert, VIENNA,

Tn diameters for a tube length of 160 mm. = distance from the
upper lens of the eye-piece to the lower end of the tube when the
objective is removed.

kel
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No. 18=
No.0=|No.2=|No.8=|No.5=|No.6=| No.T= | No.9=

Omsxertves. | oty = [ “1in | 4in. | 1in. | #in $in. |gin. Dry. g
. I 10 30 50 120 170 250 1 430 500
E II 12 35 65 145 220 300 450 600
‘s II1 16 40 80 170 250 340 620 760
B Iv 22 50 100 210 340 440 800 950
B A" —_ 70 130 280 380 570 1100 12560

g. NacHET, PAris.

In diameters for a tube length of 146 mm. = distance from the
upper surface of the upper lens of the eye-piece to the lower end of
tube when the objective is removed.

Oorivas | Ng;= | NgiB= | Noyt=| N0 Noy6=| Noy1= | o8| "
g I 30 80 110 180 | 300 390 510 650
8 II 40 100 180 260 400 560 740 980
R III 60 140 220 350 5560 780 900 1450
g Iv — 200 300 500 780 1080 1500 2100

k. R. & J. BEck, LoxpoN.

In diameters for a tube length of 10 in. = distance from the focus
of the upper lens of the eye-piece to the upper surface of the upper
lens of the objective.

Ommerves.| 2in. | gin. | #in. | 2in. | gin | g | goln | fedn
. I 20 70 120 200 2256 400 500 750
II 38 120 210 340 400 680 870 1200

II1 70 220 370 590 700 | -1180 1500 2260

& IV 85 270 460 720 860 | 1440 1850 3000
a v 130 410 710 | 1120 | 1450 | 2240 2800 3760

\
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A

Abbe sub-stage condenser, 30,

ADbbe camera lucida, 31, 32.

Mberration, spherical, 10, 14.

\ccessories, 24 et s2q.

Ncetic acid, 78, 81, 83, 236.

Qchromatic lens, 11.

R cid, acetic, 78, 81. 83, 236.
carbolic, 75, 117, 181, 229, 244.
chromic, 74, 75, 86, 144.
hydrochlorie, 70, 73, 75, 78, 86, 107,

116, 118, 137, 181, 245.
nitric, 70, 106, 181, 239, 241, 215.
osmic, 124, 239.
picric, 124.
picro-sulphuric, 124, 146, 239.
sulphuric, 75, 81, 107, 108, 181, 215,
247.

Acids, 245.

Adjustable objectives, 26, 63.

Adjustment, coarse, 15.
collar, 24, 63.
fine, 15, 63.

Agérobic bacteria, 193.

Agar-agar, 188, 190.

Air bubbles, 61, 67.

Albumen fixative, Mayer’s, 127, 236.

Alcobol, 72, 76, 82, L0, 101, 115, 116,

118, 121, 133, 139, 133, 239, 245.
absolute, 90.
acid, 86, 134, 229.
of percentage strength, 245.

Alum carmine, 229.

Ammonia, 107.
carmine, 230.

Ammoniacal capric oxide, 74, 246.

Anaérobic bacteria, 193.

Analyzer, 46.

/

Angles, of crystals, measurement of,
164

Angular aperture, 28.
Aniline chloride, 75.
stains, 85, 116, 118, 233, 234, 235.
sulphate, 75.
Animal specimens, 79 et seq., 133 et seq.
tissues, sections of, 82, 105.
delicate, 143 et seq.
Animalcules, 79.
Anisotropic substances, 55, 165.
Aperture, angular, 28.
numerical, 28.
Apochromatic objectives, 11, 199.
Arachnoidiscus Ehrenbergii, 57, 60.

B.
Bacillus, 173,
comma, of cholera, 183.
of the teeth, 176, 177.
prodigiosus, 174.
subtilis, 178.
tuberculosis, 180, 181, 185.
Ehrlich’s Method for, 181.
Ziehl- Neelsen Carbol-Fuchsin
Method for, 181.
typhoid, 182, 185.
Bacteria, 171 et seq.
aérobic, 193.
anaérobic, 193.
chlorophyll in, 174,
cilia of, 175.
colors of, 174.
described, 172.
isolation of, 192.
motion of, 175.
of the teeth, 176, 177,
pathogenic, 176.
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Bacteria, protoplasm in, 173, 174.

putrefactive, 177.

Balsam, Canada, 7, 18, 45, 84, 86, 89,
90, 96, 102, 117, 118, 137, 138, 140,
156, 160, 161, 243, 244,

mounting in, 89, .
Banana, scalariform vessels in, 70.
Base, of microscope, 15.

Bath, water-, 41, 42, 91, 135, 137, 138,
140.

Baumgarten’s borax picro-carmine,
229,

Beale’s carmine, 230.

Beggiatoa, 174, 178.

Bell-glasses, 191,

Benzole, 89, 90, 101, 104, 114, 118, 243.

balsam, 89, 101, 118.

Bergamot, oil of, 114.
Birefringent substances, 55.
Bismarck brown, 85, 179, 180, 233.
Bleaching agents, 72.

Blood, 83.

circulation of, in frog’s foot, 85.
Bone, 86.

Bohmer’s hematoxylin, 232,
Borax, 98, 245,

carmine, 81, 83, 101, 104, 118, 229,

Baumgarten's, 229,

Girenacher’s, 118, 134, 229,

Botanical sections, 109 et seq.
Bouillon cultures, 194.
Bromide prints, 210.
Brownian movement, 61, 175,
Brush, camel’s-hair, 18, 71.

Rigger, 97.

Bubbles, air, 61, 67.
Bull's-eye condenser, 60.

C.

Calcium chloride, 122, 246.
hypochlorite, 72, 101, 116,
Camel’s-hair brush, 18, 71.
Camera lueida, 51, 199,
lucida, Abbe, 31, 32,
photographic, 200,
Camphor water, 244,
Canada balsam, 7, 18, 45, 841, 86, 89, 90,
96, 102, 117, 118, 137, 138, 140,
156, 160, 161, 243, 244,

Carbolic acid, 75, 117, 181, 229, 244. .
Carbonic acid gas, freezing with, 142 *
Care of microscope, 16.
Carmine, 116, 138, 139, 140.
alum, 229.
ammonia, 230.
Beale’s, 230.
borax, 81, 83, 101, 104, 118, 229,
picro-, 229.
Gerlach’s, 230.
Grenacher’s, 118, 134, 229,
Lowenthal’s, 231.
Orth’s lithium, 231.
‘Weigert's picro-, 230.
Carrot, 71, 82, 112, 188, 194.
Cartilage, 85.
Caustic potash, 73, 74, 98, 101, 103, 241,
m .

soda, 107, 241.
Cedar oil, 7, 104, 118, 119, 127, 135, 180.
Celloidin, imbedding in, 114, 119, 128,
136, 139, 149,
Cells, cement, 94.
epidermal, 70.
glass, 95.
metal, 95.
mounting in, 94, 95, 194, 195.
paraffin, 95.
Cellular tissue, lignified, 75.
Cellulose, 74.

Cements, colored, 96, 97, 237.
transparent, 93, 96, 97, 236. *
Chemical crystals, 53, 54, 55, 153 et seq.

Chloral hydrate, 244.
Chloroform, 89, 113, 114, 117, 118, 120,
127, 135, 136, 138, 140, 153, 243,
balsam, 89, 118, 136, 243.
Chlorophyll, 68, 77.
in bacteria, 174.
Chlorzine iodine, 74, 246.
Cholera bacillus, 182.
Chromatophores, 76, 77.
Chromic acid, 74, 73, 86, 144.
Cilia, of bacteria, 1756.
epithelium, 87, 88.
Cladothrix, 173, 174.
Cleaning glass slips and cover-glasses,
98, 99, 245.
slides, 91.
Clearing, 90.
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Clearing agents, 241, 242,
Cleavage, in minerals, 164, 168.
Clips, spring, 15, 91.
Cloves, oil of, 7, 90, 114, 117, 118, 120,
135, 137, 138.
Cochineal, Mayer’s, 232.
Collar adjustment, 24, 63,
Collodion, 128, 129, 136.
fixative, 42, 105, 127, 136, 138, 139,
235.
process, 128, 129.
Colors, complementary, 50, 51, 52, 163.
in thin plates, 49, 50.
of bacteria, 174.
primary, 5.
Comma bacillus, of cholera, 183.
of the teeth, 176; 177.
Condenser, bull’s-eye, 60.
immersion, 30.
sub-stage, 29, 30, 62.
Conjugation, in Spirogyra, 68, 69.
Copper sulphate, 122, 246.
Corrosive sublimate, 125, 187, 192, 194,
245,
Cover-glass, 20, 98, 99, 101, 245.
case, Cole’s, 99.
cleaning of, 98, 99, 245.
gauge, 22, 23.
influence of, 20.
preparations, 84, 179, 193,
thickness of, 20, 250.
Crenothrix, 173, 174.
Cross, dark, 52, 53, 166.
white, 52, 166.
Crystals, 43, 4.
angles of, 164.
biaxial, 43, 166.
chemical, 53, 54, 55, 153 et seq.
hexagonal, 166.
in rocks, 163.
isometric, 165.
monoclinic, 166.
orthorhombic, 166.
plant, 78.
tests for, 78.
tetragonal, 166.
triclinic, 166. .
uniaxial, 43, 166.
Cultures, at elevated temperatures,
191,

257

Cultures, bouillon, 194,
hanging-drop, 194.
methods, 185 et seq.
milk, 193.
plate, 191, 194,
potato, 194.
pure, 193.
test-tube, 190.
without oxygen, 193,

Cupric oxide, ammoniacal, 74, 246.

Currents, 61, 67.

Cutter, section, 37.

Cutting sections, 71, 136.

D.
Dahlia, 235.
Dehydrating vessel, Schultze’s, 122.
Dehydration, 90, 113, 116.
Developer, ferrous-oxalate, 210, 247.
Stanley’s, 247.
Development, 205.
Diaphragm, 10, 15, 33, 58, 63.
Diatoms, 57, 105, 106, 107, 108, 236.
Dispersion of light, 4, 14.
in lenses, 10¢
Dissecting microscope, 12, 35, 36, 67,
104.
needles, 35, 67, 101.
Double-refracting objects, 55.
stains, 235.
Draw-tube, 15, 22, 59.
Dry mounting, 94, 157.
plates, 202.
development of, 203, 205,
orthochromatic, 199, 203,
Dust, removal of, from lenses, 16,

Ehrlich’s Method for tubercle baeilli,
181.
Emery, 160.
Eosin, 233, 234, 235,
Epidermal cells, 70,
Epithelium, 87, 88.
cilia of, 88.
Ether, the, 1, 2, 43 et seq.
sulphurie, 135, 153.
Exposure in photo-micrography, 203.
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Eye-lens, 14,

Eye-piece, 13, 14, 15,
Huyghenian, 14,
micrometer, 15, 33.
negative, 15.

Eyes, proper use of, 58, 59.

P,

Farrant’s mounting medium, 244.

Ferns, prothallia of, 77.
scalariform vessels in, 70,
spores of, 70.

Fibre, muscular, striped, 81.
unstriped, 82.

Field-lens, 14.

Filter paper, 72.

Finishing slides, 96, 97.

Fixative, gelaune, 106, 236.
Mayer’s albumen, 127, 236.
Schillibaum’s, 105, 1"1 , 136, 138,

235
shellac 140.

Fixing, 145.
negatives, 206.
gilver prints, 209. ’

Fluids, Erlicki’s, 125, 240.
fixing and lmrdeumg, 239,
Flemming's, 145, 239.
Goadby's, 24.
killing, 238.

King's, 245.
Kirchner’s, 244,
macerating, 241,
Merkel’s, 123, 144, 238, 239.
Miiller's, 125, 240.
Pacini’s, 2-1".
Perenyi's, 239.
Petit’s, 243,

Rabl's, 239.

thin, 93, 95.
Wickersheimer’s, 238.

Foreeps, 70, 101,

Formalin, 112, 237

Fossils, 162,

Freezing processes, 131, 140,

Fresh objects, 63 ef seq.

Frog. blood of, 83, 84, 85.

Fuchsin, 83, 179, 180, 235.

Fungi, 70.
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Q.
Gauge, cover-glass, 22, 23.
Gelatine, 154, 188.
fixative, 106, 236.
medium, 188.
Gentian violet, Gram’s, 234.
Gerlach’s ammonia carmine, 230.
Glass, cover-, 20, 98, 99, 101, 245.
slip, 19, 98, 99, 101, 245.
Globules, oil, 61, 67.
Glycerine, 61, 72, 93, 96, 117, 118, 137,
138, 139, 168, 236, 243.
jelly, 92, 93, 96, 117, 118, 137, 133,
139, 243.
Goadby’s fluid, 244.
Gold chloride, 208, 248.
Granite, 160.
Green, iodine, 101, 235.
Grenacher’s carmines, 118, 134, 229.
hematoxylin, 232.
Gum arabic, 243, 244.

H.

Hsmatoxylin, 76, 81, 116, 139, 140.
Bohmer’s, 232.
Grenacher's, 84, 138, 232.
Heidenhain’s, 233.
Kleinenberg’s, 84, 105, 134, 137, 138,

232.
Hairs, 61, 70, 75, 102.
Hanging-drop culture, 194.
Hardening, 82, 112, 121, 133, 143, 145.
fluids, 82, 121, 133, 145.
of animal tissues, 82, 133, 145.
vegetable specimens, 112, 121.
Heidenhain’s hematoxylin, 233,
Homogeneous immersion objectives,
24, 26, 62.
fluid, 7, 24, 26, 62.
Hoyer’s mounting media, 244.
Huyghenian eye-piece, 14.
Hydrochloric acid, 70, 73, 75, 78, 86,
107, 116, 118, 137, 181, 245.

L

Iceland spar, 7, 44, 45.
Imbedding, in celloidin, 114, 119, 128,
136, 139, 149.
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Imbedding, in collodion, 128 et seq.
paraffin, 112, 113, 118, 127, 135, 148.
soap, 115.

Immersion objectives, 24, 26.

Indifferent media, 240, 241.

Insects, 102, 103.

Inulin, 78.

Iodine, 73, 74, 76, 77, 240, 246.
green, 85, 101, 104, 233, 235.

Isotropic substances, 55, 165, 166.

K.

Killing, 144.

King’s fluid for marine algs, 245.

Kleinenberg’s h@matoxylin, 84, 105,

134, 137, 138, 232.

Labels, 98.

Lantern slides, 210.

Lenses, achromatic, 11.
apochromatic, 11.
dispersion in, 10.
double-convex, 8.
eye-, 14.
field-, 14.

Leptothrix, 173, 177.

Light, 1 et seq.
best kind to use, 58,
defined, 2.
dispersion of, 4.
path of, 3.
sources of, 2.
Undulatory Theory of, 1.
wave-lengths of, 1, 2.

Lignified cellular tissue, 75.

Lithium carmine, Orth’s, 231.

Litmus, 189.

Liwenthal’s picro-carmine, 231.

M.

Macerating fluids, 241.
Maceration, 70.

Magnifying powers, 250 et seq.
Manipulation, 57 et seq.

Matter, Molecular Theory of, 1.
Mayer’s albumen fixative, 127, 236.
Mayer’s cochineal, 232.

Media, indifferent, 240, 241,
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Media, macerating, 241.
mounting, 243, 244.
Merkel’s solution, 125, 144, 238, 239.
Methyl violet, 179, 180, 233.
Metric-English equivalents, 249.
Mica plates, 49, 50, 54, 55, 157, 160, 193.
Micrococcus, 173.
Micrometer, eye-piece, 15, 33.
stage, 33, 204.
Micrometry, 33, 204.
Micromillimetre, 34, 249.
Micron, 249.
Microscope, care of, 16.
compound, 13.
dissecting, 12, 35, 67, 104.
parts of, 15.
selection of, 15.
simple, 11, 12.
Microtome, 38, 39, 40, 41, 111,
Minot’s automatic, 150.
Minerals, cleavage in, 164, 168.
Mirror, 15, 58, 59, 60.
Molecules, 1, 2, 43.
Monorefringent substances, 55.
Mounting media, 243, 244.
objects, 8Y et seq., 136 et seq.
practice, 101 et seq.
Mucilage for labels, 249.
Mucor stolonifer, 70.
Muscular fibre, striped, 81.
unstriped, 82.

N.

Needles, dissecting, 35, 67, 101.
Negatives, 205, 200, 207.

Nicol prism, 45 et seq.

Nicotine, 1453, 238.

Nitric acid, 70, 106, 181, 239, 241, 245.
Nose-piece, 15.

Nucleolus, 76, 86.

Nucleus, 76, 81, 86.

Numerical aperture, 28.

O.

Objectives, 13, 15.
achromatic, 11.
adjustable, 26, 63.
apochromatic, 11, 199.
homogeneous immersion, 24, 26, 62.
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Objectives, precautions in handling, 18. ' Preparations, cover-glass, 8%, 179, 1%

water immersion, 24, 62,
Objects, fresh, methods of studying,
60 et seq.
opaque, 60.
Ocular, 14,
Ol globules, 61, 67.
of cedar, T, 104, 118, 119,127, 135, 180.
Omega prints, 210,
Opal blue, 235,
Origanum, oil of, 117, 242.
Orth's Lithium carmine, 231,
Osmic acid, 124, 239.

P.

Pacini’s fluid, 245.
Paper, blotting, 72.
filter, 72.
Japanese, 18.
Paraflin, 82, 93, 95, 112, 113, 114, 118,
127, 135, 137, 138.
imbedding in, 112, 113, 118, 127, 135,
148,
moulds, 113,
Podesis, 62,
Pellicle, 177, 178.
Perenyi’s tluid, 239,
Petit's tluid, 244,
Phosphorescence, 174,
Photo-micrography, 199 et seq.
Picrie acid, 124,
Picro-sulphuric acid, 124, 146, 239.
Pith, 71, 82, 112,
Plant tissues, delicate, 120 et seq.
Plate cultures, 191, 194,
Plates, dry, 202,
mica, 49, 50, 54, 55, 157, 160, 193.
Plewrosigma angulatwm, 57, 60, 62.
Polarized licht, 43 ¢t seq., 74, 78, 153,
157, 160, 163, 165.
uses of, 53, i,
Polarizer, 46,
Pollen, 649,
Potassinm acetate, 244,
chlorate, 70, 108, 154, 241.
dichromate, 93, 106, 107, 154, 240.
hypochlorite, 241,
iodide, 73, 134, 246.
Practice mounting, 101 ¢ seq.

Preservative media, 237.
Prints, bromide, 210.

omega, 210.

silver, 207, 208, 208.
Prism, 3 et seq.

Nicol, 45 et seq.
Protoplasm, 75, 76.

in bacteria, 173.
Pure cultures, 193.
Putrefactive bacteria, 177.

Rabl’s fluid, 239.
Raphides, 78.
Razor, 65, 71, 111.
Reflection, total, 7, 45,
Refraction, double, 43,
index of, 5, 6, 7.
of light, 3.
Rhubarb, scalariform vessels in, 71.
Rock sections, 54, 159 et seg.
Rolling sand, 168.

Saccharomyces cerevisise, 69.

Safranin, 234.

Salicin, 53, 154, 156.

Salt solution, 81.

Santonin, 154.

Schillibaum’s collodion fixative, 4¢

105, 127, 136, 138, 139, 235. .

Schizomycetes, 172.

Schultze’s dehydrating vessel, 122,
macerating mixture, 70, 241.
solution, 74, 75, 246.

Section-cutter, 37, 38.

Section-cutting, 71, 136.

i Section-lifter, 71.

Section-smoother, 136.
Seetions of animal tissues, 82, 105.
of vegetable substances, 71, 104
105, 109 et seq.
radial, 109,
rock, 54, 159 et seq.
serial, 131, 149 et seq.
tangential, 1090,
transverse, 109,
Sediment, water, 79.
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Selenite, 54, 157, 160.
Berial sections, 131, 149 et seq.
8hellac cement, 155, 237.
fixative, 140.
Silicified wood, 162.
Silver prints, 207, 208, 209.
Single-refracting objects, 55.
8lides, cleaning of, 91.
finishing of, 96, 97.
lantern, 210.
8oap, imbedding in, 115,
Soda, caustic, 107, 241.
Sodium acetate, 208, 248.
carbonate, 189, 194, 247.
hypochlorite, 72, 101, 116.
hyposulphite, 206, 207, 209, 248,
Spherical aberration, 10, 14.
Spiral vessels, 70.
Spirilla dentinm, 177.
Spirillum, 173, 176, 183.
Spirocheta, 173, 176.
denticula, 177.
plicatalis, 178.
Spirogyra, 68, 69, 178.
Spores, of bacteria, 186.
of ferns, 70.
resting, 179.
8pring clips, 15, 91.
Staining, 82, 115, 116, 134.
Stains, 229 et seq.
aniline, 233.
Starch, 57, 73, 77, 94, 102.
test for, 73.
Sterilization, 186.
Sterilizer, hot-air, 187.
steam, 188.
Stomata, 70.
Sub-stage, 15.
condenser, 29, 30, 62.
Sugar, 154.
Sulphonal, 53, 156.
Sulphuric acid, 75, 81, 107, 108, 181,
© 245, 247.

T.

Teasing, 70, 105.

Teeth, bacteria of, 176, 177.
Test-tube cultures, 190.
Thermometer readings, 249.
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Thin fluids, mounting in, 93, 95.
plates, colors in, 49, 50.
Tradescantia Virginica, 75.
Tube, draw-, 15, 22, 59.
length, 22, 250.
Tuberculosis, bacillus, 180, 181, 185.
Turn-table, 37, 93, 95, 97, 136.
Turpentine, 7, 61, 82, 90, 101, 113, 118,
127, 135, 137, 138, 180.
Typhoid bacillus, 182, 185.

0.

Undulatory Theory of Light, 1.
Uniaxial crystals, 43, 166.

V.
Vacuole, 76.
Vampyrella spirogyre, 69.
Vaseline, 194, 195.
Vegetable sections, 67, 71, 104, 109
et seq.
Vibrio, 173, 175.

Ww.

Warm stage, 249.
‘Water-bath, 41, 42, 91, 135, 137, 138, 140.
‘Water-immersion objectives, 24, 26.
‘Water plants, 68.

sediments, 79.
‘Wave-lengths of light, 1, 2,
Weigert’s Method of fixing celloidin
I~ sections to glass slip, 151,

picro-carmine, 230,
‘Wickersheimer’s fluid, 238.
Wood, silicified, 162.

X.

Xylol, 89, 127, 180, 243.
balsam, 89, 101, 118, 248,

Y.
Yeast, 69.

2.
Zenker’s fluid, 146, 239.

Ziehl-Neelsen Carbol-Fuchsin Method
for Bacillus tuberculosis, 181.
Zobgleea, 179.

Zygnemaces, 68, 69, 77.






. Science,

Ballard’s World of Matter. A guide to mineralogy and chemistry, $r.00, °
Benton’s Guide to General Chemistry. A 1 for the lab y. 35cts,

Boyer’s Laboratory Manual in Biology. An elementary guide to the laboratory study
of animals and plants. 8o cts.

chuio'.l.l’hylical Laboratory Manual. A well-bal d in lab y physics, re«
quiring Inexpensive apparatus. Illustrated. 8o cts.

Chute’s Practical Physics. For high schools and colleges. $1.12.

Olark’s Methods in Microscopy. This book gives in detail descriptions of methods that
will lead any careful worker to ful Its in microscopic manipulation. $1.60.
Coit’s Chemical Arithmetic. With a short system of analysis. so cts.

colton’:fhysiolozy. Experimental and descriptive. For high schools and colleges. Illus-
trat

$1.12.

Colton's Physiology, Briefer Course. For earlier years in high schools. Illustrated. oo cts.

Colton’s Practical Zoology. Gives a clear idea of the subject as a whole by the careful
study of a few typical animals. 8o cts.

@rabfield and Burns's Chemical Problems. Forreview and drill. Paper. 35 cts.

Hyatt’s Insecta. Illustrated. $1.2s.

Orndorft’s leoratbry Manual. Contains directions for a course of experiments in
“ ¢ i (“‘ 1 l’y. ar I*4 d to P y R ’s (‘L i ry. n- d. 35 Cu.

Remsen’s Organic Chemistry. An introduction to the study of the compounds of carbon.
For students of the pure science, or its application to arts,  $1.30.

Roberts’s Stereo-Chemistry. Its development and p p $1.00

Sanford’s Experimental Psychology. PartI. S ion and Percepti $r.50.

S8haler’s First Book én Ggolfogy. For high school, or highest class in grammat school
or

$1.00. Bound in pp y reader. 6o cts.

Shepard’s Inorganic Chemistry. Descriptive and qualitative; rimental and induc.
tive; leads the student to observe and th?nk. For l?igh schools ang colleges, $r.12,
Shepard’s Briefer Course in Chemistry, with chapter on Organic Chemistry. _For schools
giving a half year or less tothe subject, and schools limited in laboratory gcﬂiﬁes. 8octs.

Shepard’s Laboratory Note-Book. Blanks for experiments; tables for the reactions of

_ metallic salts. Can be used with any chemistry. Boards. 35 cts.

Spalding’s Introduction to Botany. Practical exercises in the study of plants by the
laboratory method. 8o cts.

Stevens’s Chemistry Note-Book. Laboratory sheets and cover, with separate cover for
permanent file. 5o cts.

Venable’s Short History of Chemistry. $r.oo.

Whiting’s Physical Measurement. I. Fifty measurements in Density, Heat, Light, and
Sound. II. Fif?' measurements in Sound, Dynamics, Magnetism, Electricity., III
Principles and Methods of Physical Measurement, Physical Laws and Principles, and
Mathematical and Physical Tables. IV. Appendix. Parts I-IV, in one vol., $4.00.

Whiting’s Mathematical and Physical Tables. Paper. socts.
Williams’s Modern Petrography. Paper. 25 cts.

For elementary works seeour Ustof
books in Elementary Science.

D.C.HEATH & CO., Publishers, Boston,New York, Chicago.






. Mathematics

Barton’s Theory of Bquations. A treatise for college classes. $x.50.

Bowser's Academic Algebra. For secondary schools. $r.12.

Bowser’s College Algebra. A full treatment of el tary and ad d topics. $rsa

Bowser’s Plane and Solid Geometry. $1.25. PLANE, bound separately. 75 cts.

Bowser’s Elements of Plane and Spherical Trigonometry. go cts.; with tables, $1.40.

Bowser’s Treatise on Plane and Spherical Trigonometry. An advanced work for col-
leges and technical schools. $1.50.

Bowser’s Five-Place Logarithmic Tables. so cts.

Fine’s Number System in Algebra. Theoretical and historical. $r.00.

Gilbert’s Algebra L Three bers: No. 1, to Fractional Equations; No. 2.
through Quadratic Equations; No. 3, Higher Algebra. Each number, per dozen, $1.44.

Hopkins’s Plane Geometry. Follows the inductive method. 75 cts.

Howland’s Elements of the Conic Sections. 75 cts.

Lefevre’s Rumber and its Algebra. Introductory to college courses in algebra. $r.2s.

Lyman’s Geometry Exercises. Supplementary work for drill. Per dozen, $1.60.

McCurdy’s Exercise Book in Algebra, A thorough drill book. 6o cts.

Miller’s Plane and Spherical Trigonometry. For colleges and technical schools. $r.1s.
With six-place tables, $1.40.

Nichol’s Analytic Geometry. A treatise for college courses. $1.25.

Osborne’s Differential and Integral Calculus., $2.00.

Peterson and Baldwin's Problems in Algebra. For texts and reviews. 3o cts.

Robbins’s Surveying and Navigation. A brief and practical treatise. 5o cts.

Schwatt’s Geometrical Treatment of Curves. $r.00.

Waldo’s Descriptive Geometry. A large number of probl y ically ar
with suggestions, 8o cts.

Wells’s Academic Arithmetic. With or without answers. $r.00.

Wells’s Essentials of Algebra. For secondary schools. $1.10.

Wells’s Academic Algebra. With or without answers. $1.08.

‘Wells’s New Higher Algebra. For schools and colleges. $1.32.

Wells’s Higher Algebra. $r.32.

‘Wells’s University Algebra. Octavo. $r.50.

Wells’s College Algebra. $i.so. Part II, beginning with quadratics. $1.32.

‘Wells’s Essentials of Geometry. (1899.) $1.25. PLANE, 75 cts. SoLID, 75 cts.

Wells’s Elements of Geometry. Rewvised. (1894.) $1.25. PLANE, 75 cts.; SoLID, 75 cts.

‘Wells’s New Plane and Spherical Trigonometry. For colleges and technical schools.
$1.00. With six place tables, $1.25. With Robbins’s Surveying and Navigation, $1.s50.

Wells’s Essentials of Trigonometry. For secondary schools. go cts. With tables,
$1.08. PLANE, bound separately, 75 cts.

Wells’s New Six-Place Logarithmic Tables. 6o cts.

‘Wells’s Four-Place Tables. 25 cts.

For Arithmetics see our list of books in Ele tary Math 24

D.C.HEATH & CO.,Publishers, Boston, New York, Chicago



Higher Eﬁglish.

Bray’s History of English Critical Terms. A vocabulary of 1400 critical
terms used in literature and art, with criticaland historical data for their study.
Cloth. 351 pages. $1.00.

Cook’s Judith. With introduction, translation and glossary. Cloth. 170 pages.
$1.00. Students Edition, without translation. Paper. 104 pages. 30 cents.

Hall’s Beowulf. A metrical translation of this ancient epic. Octavo. 118 pages.
Cloth, 75 cents. Paper, 30 cents. )

Kluge and Lutz’s English Etymology. A select glossary for use in the
study of historical grammar. Cloth. 242 pages. 6o cents.

MacEwan’s The Essentials of Argumentation. A systematic discussion of
principles, with illustrative extracts; full analysis of several masterpieces,
and a list of propositions for debate. Cloth. 430 pages. $r.12.

Meiklejohn’s The English Language. Part I—English Grammar ; Part I —
Composition and Versification ; Part 111— History of the English Lan-
guage ; Part IV—History of English Literature. Cloth. 396 pages. $1.20.

Meiklejohn’s English Grammar. Contains Part I and II of Meiklejohn’s The
English Language, with exercises. Cloth. 276 pages. 8o cents.

0’Conor’s Rhetoric and Oratory. A manualof precepts and principles, with
masterpieces for analysis and study. Cloth. 332 pages. $r1.12.

Pearson’s The Principles of Composition. Begins with the composition
as a whole. Paragraphs, sentences and words are treated later, and in this
order. Cloth. 165 pages. so cents.

Strang’s Exercises in English. Examples in Syntax, Accidence,and Style,
for criticism and correction. New edition, revised and enlarged. Cloth. 160
pages. 45 cents.

William’s Composition and Rhetoric. Concise, practical, and thorough, with
little theory and much practice. Cloth. 344 pages. go cents.

Monographs on English.
Bowen’s Historical Study of the O-vowel. Cloth. 109 pp. . . . B$1.25

Genung’s Study of Rhetoric in the College Course. Paper. 32pp. . . .25
Hempl’s Chaucer’s Pronunciation. Stiff Paper. 39 pp. . . . . .50
Huffcut’s English in the Preparatory School. Paper 28 pp: . . . .25
Woodward’s Study of English. Paper. 25pp. . . . . . . .25

See also our list of books in Elementary English,
" English Literature and English Classics.

N

HEATH & CO.,Publishers, Boston, NewYork, Chicago



Engliéh Literature.

The Arden Shakespeare. The playsin their literary aspect, each with introduction, intes
pretative notes, glossary, and essay on metre. 4o cts.

Burke’s American Orations. (A. ]J. GEorge.) Five complete selections. 5o cts.

Burns's Select Poems. (A.J. GEORGE.) 118 poems chronologically arranged, with intro.
duction, notes and glossary. Tllustrated. 75 cts.

Coleridge’s Principles of Criticism. (A.]J.GeorGe.) Fromthe Biographia Literaria.
With portrait. 6o cts.

Cook’s Judith. With introduction, translation, and glossary. Cloth. 170 pages. $1.00.
Student's Edition, without translation. Paper. 104 pages. 30 cts.

Cook's The Bible and English Prose Style. 4o cts.

Corson’s Introduction to Browning. A guide to the study of Browning’s poetry. Also
has 33 poems with notes. With portrait of Browning. $1.00.

Corson's Introduction to the Study of Shakespeare. A critical study of Shakespeare's
art, with comments on nine plays. $1.00.

Davidson’s Prolegomena to Tennyson’s In Memoriam, A critical analysis, with an index
of the poem. 50 cts.

DeQuincey’s Confessions of an Opium Eater. (G. A. WaucHore.) A complete and
scholarly edition. 5o cts.

Hall's Beowulf. A metrical translation. 75 cts. Student’s edition, 3o cts.

Hawthorne and Lemmou’s American Literature. Contains sketches, characterizations,
and selections. Illustrated with portraits. $1.12.

Hodgkins's Nineteenth Century Authors. Gives full list of aids for library study of 26
authors. A separate pamphlet on each author. Price, 5 cts. each, or $3.00 per hun-
dred. Complete in cloth. 6o cts.

Meiklejohn’s History of English Language and Literature. For high schools and
colleges. A compact and reliable statement of the essentials. 8o cts.

Moulton's Four Years of Novel-Reading. A reader’s guide. 50 cts.

Moulton’s therary Study of the Bible. An account of the leading forms of literature
represented, without refefence to theological matters. $2.00.

Plumptre’s Translation of Aeschylus. With biography and appendix. $1.00.
Plumptre’s Translation of Sophocles. With biography and appendix. $1.00.

Shelley’s Prometheus Unbound. (Viva D. Scuvper.) With introduction and notes
6o cts.

Simonds’s Introduction to the Study of English Fiction. With illustrative selectioas.
8o cts. Bricfer Edition, without illustrative selections. Boards. 30 cts.

Simonds’s Sir Thomas Wyatt and his Poems. With biography, and critical analysis of
his poems. socts.

Webster’s Speeches. (A. J. GEorGE.) Nine select speeches with notes. 75 cts.

Wordsworth's Prefaces and Essays on Poetry. (A. J. GEorGe.) Contains the best of
Wordsworth’s prose. so cts.

Wordsworth’s Prelude. (A. J. GEOrRGE.) Annotated for high schools and colleges. Never
before published alone. 75 cts.

Selections from Wordsworth. (A. J. GrORGE.) 168 poems chosen with a view to illus-
trate the growth of the poet’s mind and art. 75 cts.

See also our list of books in Higher Englisk and English Classics.

D.C.HEATH & CO., Publishers, Boston, NewYork, Chicago


















